The neural cell adhesion molecule, NCAM, is a pivotal regulator of neural development, with key roles in axonal and dendritic growth and synaptic plasticity. Alterations in NCAM expression or proteolytic cleavage have been linked to human neuropsychiatric disorders such as schizophrenia, bipolar disorder and Alzheimer's disease, and may contribute to cognitive dysfunction. We have generated mice overexpressing the NCAM extracellular (EC) proteolytic cleavage fragment which has been reported to be increased in schizophrenic versus normal brains. These mice show impaired GABAergic innervation and reduced number of apical dendritic spines on pyramidal neurons in the prefrontal cortex (PFC). Here, these NCAM-EC transgenic mice were subjected to behavioral tasks and electrophysiological measurements to determine the impact of structural abnormalities in the PFC on synaptic and cognitive functions. NCAM-EC mice exhibited impaired working memory in a delayed non-match-to-sample task, which requires PFC function, but showed no differences in anxiety, olfactory abilities, or sociability. Transgenic mice displayed impaired long-and short-term potentiation in the PFC but normal synaptic plasticity in the hippocampus, suggesting that the abnormal synaptic innervation in NCAM-EC mice impairs PFC plasticity and alters working memory. These findings may have implications for cognitive dysfunctions observed in neuropsychiatric disorders.
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Introduction
Cell adhesion molecules are now accepted not only to be important for development but also for synaptic plasticity (Arikkath and Reichardt, 2008; Dalva et al., 2007; Dityatev et al., 2008; Gottmann, 2008; Schachner, 1997) . Among the adhesion molecules, the neural cell adhesion molecule, NCAM, was the first to be shown to affect long-term potentiation (LTP) and behavior (Becker et al., 1996; Lüthi et al., 1994; Muller et al., 1996) . NCAM is a cell adhesion molecule of the immunoglobulin superfamily that plays key roles in neural development, shaping axonal and dendritic arborizations.
Polymorphisms in the NCAM gene have also been implicated in a variety of neuropsychiatric disorders (reviewed by Brennaman and Maness, 2010), underscoring its importance in normal physiology and/or development. Three major isoforms of NCAM (NCAM180, 140, and 120) are derived by alternative splicing. NCAM140 and NCAM180 are transmembrane isoforms that differ in the length of the cytoplasmic domain due to an inserted exon in NCAM180. NCAM120 is glycosylphosphatidylinositol-linked and predominantly found in glia. NCAM participates in NCAM-NCAM homophilic interactions, and heterophilic interactions with binding partners such as cell adhesion molecule L1 (Kadmon et al., 1990) , heparin sulfate proteoglycans (Storms and Rutishauser, 1998), fibroblast growth factor receptor (FGFR) (Niethammer et al., 2002) , the brain-derived neurotrophic factor (BDNF) receptor TrkB (Cassens, 2010), and glial derived neurotrophic factor (GDNF) and its receptor (Paratcha et al., 2003 ) (Nielsen et al., 2009 ). Mice lacking all NCAM isoforms exhibit impaired learning (Cremer et al., 1994; Stork et al., 2000) and fear conditioning (Jurgenson et al., 2010; Senkov et al., 2006) , as well as increased intermale aggression, anxiety, locomotion, and depression-like symptoms (Polo-Parada et al., 2001; Stork et al., 1997; Stork et al., 1999 
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